Over a 4-year period a higher proportion of mated females bore litters during spring and summer than in late autumn and winter. Litter sizes were larger and young female mice weighed more at 21 days of age during spring and summer than at other times. However, young females attained sexual maturity, as indicated by vaginal smears, earlier during the wintermonths. This contrasts with data indicating that pubertal female mice have lower uterine weights in winter. A multiple regression analysis revealed that mouse bodyweights at 35 days of age and at 1st oestrus were important variables for predicting the age of puberty. Possible factors influencing reproductive seasonality in female house mice maintained under laboratory conditions are discussed.
Over a 4-year period a higher proportion of mated females bore litters during spring and summer than in late autumn and winter. Litter sizes were larger and young female mice weighed more at 21 days of age during spring and summer than at other times. However, young females attained sexual maturity, as indicated by vaginal smears, earlier during the wintermonths. This contrasts with data indicating that pubertal female mice have lower uterine weights in winter. A multiple regression analysis revealed that mouse bodyweights at 35 days of age and at 1st oestrus were important variables for predicting the age of puberty. Possible factors influencing reproductive seasonality in female house mice maintained under laboratory conditions are discussed. Vandenbergh, Whitsett & Lombardi (1975) (Hanson & Sholes, 1924; King, 1927) . Pennycuik found that in female mice vaginal opening occurred significantly earlier during the summer months. Ramaley & Bunn (1972) demonstrated seasonal differences in the age of vaginal opening and first ovulation in rats which matured earlier in summer. They also reported that vaginal opening and ]st ovulation occurred on the same day in the laboratory rat.
The present report examines seasonal variation in a number of reproductive characteristics involving both production of young and sexual maturation in laboratory house mice. I have previously reported on the relationships between litter size and litter sex composition and the timing of sexual maturation in laboratory mice (Drickamer, ] 
.
Materials and methods
Data used for this report were compiled from a series of investigations of factors affecting sexual maturation of female mice conducted from November 1972 to November 1976. Animal husbandry techniques remained the same throughout the 4 year period. The mice used were from a randomly-bred c1osedcolony of ICRjAlb house mice purchased from Ward's Scientific Establishment (Rochester, New York 14603, USA). All mice were housed in shoe-box cages of polypropylene measuring 15 x 28 x 15 cm with opaque sides and fitted wire lids. Bedding of ground wood shavings was used and each cage was changed once per week for a clean one with fresh shavings. Wayne 'Lab-Blox' (Allied Mills, Chicago, Illinois 60606, USA) and water were supplied ad libitum at all times. Animal rooms were maintained at 21-25°C and 20-60% relative humidity on a 12 h lightj12 h dark daily regime with overhead fluorescent lights.
For mating, 2 mature (70-150 days of age) female mice were caged with a mature male for 2 weeks. Pregnant female mice were isolated into individual cages during the week prior to parturition. All cages were checked daily and births were recorded. On the day after birth each litter was counted, sexed, and reduced to exactly 10 young, at least J of which was male. Litters of less than 10 were used in analyses of reproductive output but not included in studies on sexual maturation. No female was ever mated more than twice. The young were weaned 21 days after birth and immediately assigned to an experiment.
For measuring sexual maturation each mouse was examined daily from day 21 until the occurrence of vaginal opening, when a daily introitus vaginal lavage was instituted until the occurrence of Ist vaginal oestrus. The vaginal smears were examined immediately while still wet, with a microscope, and the cellular contents were judged to determine the stage of the oestrous cycle according to the criteria of Vandenbergh (1969) and Vandenbergh, Drickamer & Colby (1972) . Each mouse was weighed to the nearest 0·] g on the day of vaginal opening on the day of 1st vaginal oestrus and at 21, 28 and 35 days of age.
Standard records were maintained each month of the number of matings, litters horn, litter sizes and sex ratios, and weaning (21 days of age) bodyweights of all young female mice. Records were also maintained by months for age at vaginal opening and first vaginal oestrus and for weekly bodyweights for mice used in maturation experiments.
Results
For analyses of reproductive output involving litter production and litter size all mated females and their litters were used. Day 21 bodyweights were also analysed for all mice, because at this age the mice were not yet assigned to any particular experiment involving manipulations which might affect growth or reproductive development. Monthly Drickamer 1st oestrus age weight
The final analysis, using only non-manipulated control female mice, involved compilation of a linear correlation matrix (Table 3) . Multiple regression analysis revealed that the 2 most important variables for predicting the age of first oestrus were bodyweight of young female mice at 35 days of age, and at the age at 1st oestrus (multiple r= 0,78; P<O·OI). The addition of other variables did not significantly raise the multiple correlation coefficient. Weaning bodyweight was the least important variable for predicting the age of first oestrus. maturation data were compiled only for control mice from various experiments, that is young females caged alone and not manipulated experimentally in any way. Analyses of both age and vaginal ope,ning and age of 1st vaginal oestrus revealed significant monthly variation (Table 2) . Vaginal opening occurred at earlier mean ages during the late autumn and winter months than in the remainder of the year. On average bodyweights were lower at vaginal opening in late autumn and winter than at other times of the year. Similarly, 1st oestrus occurred at lower mean ages from November to February and bodyweights at 1st oestrus were also lower during these same autumn and winter months. 10,8(0'1) 10,9(0'1) No. mice 12-6(0'2) 12·8(0'2) 13-9(0'3) 13-9(0'2) 13-9(0'2) 13-7(0'2) 14·2(0'3) 14·3(0'2) 13-7(0'2) 13-0(0'2) 12·3(0'2) 12-4(0' Mean litter sizes varied significantly during the year (Table 1) . Smaller litters (12-4-12'8 young) were born from November to February, with larger litters born during the other months of the year, ranging up to a peak of 14·3 young per litter in August. During the 4 years 5 females died during pregnancy, 32 during lactation, and only 4 females cannabalized their litters.
The average weaning bodyweights for young female mice varied significantly from month to month (Table 1) . Mice weighed more at weaning from April to September (12,2-12'8 g), and less (10,7-11,5 g) during the remainder of the year.
For analyses of variables relating to sexual sample sizes varied from a low of 130 attempted matings in February to 350 matings in November over the 4 year period. Overall 89,9 % of all female mice mated during the 4 year period gave birth; a x2 contingency analysis based on the frequencies of matings revealed no significant month-to-month differences in reproductive fertility (X2II =8'19; P=n.s.). There was, however, a trend in these data: from March to September inclusive the percentage of females producing litters was 92'3-95'0%, whereas from October to February it was 82,0-86,9 %. 
Seasonal variation in mouse maturation

Discussion
From these data it is evident that there was seasonal variation in some of the reproductive characteristics of ICR/Alb house mice, that ]st vaginal oestrus occurs earlier during late autumn and early winter than at other times, and that the time of vaginal opening' and ] st vaginal oestrus are not closely correlated. Some of these findings are in agreement with earlier published reports by Ohzu & Sato (1963) , Parkes (]927) and Pennycuik (1972) . Together, these studies of various reproductive characteristics in mice indicate that either there are strain differences in seasonal variation in reproduction, or that differences in animal husbandry techniques must be taken into account when interpreting any observed differences.
In the present study somewhat fewer female mice that were mated with males during winter months bore litters than mice paired during spring and summer. Litters produced during winter contained significantly fewer young than litters born during spring and summer. What factors may account for these seasonal patterns? One explanation might involve seasonal variation in some important nutritional component(s) of the food given to the mice which could affect their reproductive physiology. The diet used throughout the 4 year study was manufactured at the same location and obtained from the same supplier. A check was made of the date of manufacture of each batch of food purchased and used; batches were made at various times of the year and each shipment was used for 4-8 consecutive months. This staggered pattern of manufacture, purchase and use in the laboratory makes it unlikely that variation in the diet alone can account for the observed patterns.
Temperature and humidity remained relatively constant in the laboratory throughout each year. A record was maintained of temperature and humidity in the animal rooms every 5 days, up to 6 times per month. For both temperature and humidity separate analyses of variance were computed; no significant month-to-month differences were detected for either variable.
The water supply used was the same throughout the study; a nearby reservoir supplies some of the town's water and the remainder is obtained from town wells. The water has not been analyzed to determine whether some factor varies in a seasonal pattern that might influence the observed variations in reproduction. Use of distilled water for one complete year might provide a test of this factor.
A final explanation for observed seasonal variations in reproduction is that the patterns result from an inherited endogenous rhythm affecting the reproductive physiology of the female mice. Drickamer & Vestal (1973) reported a significant correlation between seasonal breeding patterns in the laboratory and external annual light cycles in native habitats for 3 species of deermice (Peromyscus) maintained in a laboratory for up to 25 generations over a 20year period. To further test the hypothesis of an endogenous annual rhythm in female laboratory house mice it will be necessary to measure monthly variations for certain hormones, particularly folliclestimulating hormone (FSH) and oestrogens. It is also possible that adult male mice exhibit seasonal variation in sperm output, sperm viability or copulatory behaviour; variations in reproductive physiology or performance by male mice could indirectly explain some of the observed patterns for female reproduction.
The bodyweight at weaning of female mice varied seasonally. This result may be explained by variation in water quality or an inherited endogenous rhythm mentioned above. Alternatively, differences could have resulted from seasonal changes in either the quality or quantity (or both) of nutrition supplied to pre-weaning mice by their dams. Further study is needed regarding monthly variations in dams' milk.
In rats ]st ovulation generally occurs on the same day of age as vaginal opening (Ramaley & Bunn, ]972). For the mouse strain used in the present investigations the intervals between vaginal opening and 1st oestrus varied considerably. There must be some differences in the processes underlying development of the reproductive system and attainment of puberty in mice and rats. Of the various characteristics measured in the present study the best predictors of the timing of sexual maturation (first vaginal oestrus) were bodyweights at 35 days of age and at ]st oestrus. Since the mean age at ]st oestrus for all mice in the sample was 33,9 days of age, bodyweights at 35 days of age and at ]st oestrus should be similar. These data suggest some relationship between the programmes for physical and sexual development (Vandenbergh, ] 969; Vandenbergh et al., ]972; Drickamer, ]974, ]975). When young female mice are housed under conditions which do not involve experimental manipulation there seems to be a close relationship between physical and sexual development, but not when a young female is caged either with other females or with an adult male.
Young female mice attained first vaginal oestrus at earlier mean ages during the winter months than at other times of the year. This contrasts with the finding of Vandenbergh et af. (1975) that uterine weights were significantly lighter near the time of puberty in young female mice during winter months. I have no explanation for this difference between these methods of measuring sexual maturation. Uterine weights should increase in response to oestrogens released during follicular development under the influence of FSH from the pituitary (Atwood, 1938) . Hence the timing of 1st vaginal oestrus should coincide with higher uterine weights. In our laboratory females maturing earlier during the winter months were mated and produced litters at ages indicating, by back-dating, that the mice did in fact ovulate and conceive at the time of 1st vaginal oestrus. Thus, the use of the vaginal smear technique was apparently correctly determining the
